. A model for achieving the allocative efficiency of credit resources in Ukraine's banking system . Banks and Bank Systems, 11(3), 8-16. doi:10.21511/bbs.11(3) The article presents a model for achieving the allocative efficiency of credit resources in Ukraine's banking system. The research involves establishing a set of criteria for assessing a borrower's creditworthiness and analyzing them by means of the discriminant analysis, Helwig's methods, cluster analysis, the dendrite method, and principal component analysis; the methods are, then, contrasted. This is followed by designing an optimal credit portfolio of the banking system and comparing it with actual credit portfolios with the help of similarity metrics.
Introduction
Nowadays the capacity of the banking system to support the growth of other economy sectors requires a scientific approach to allocating its credit resources. Allocation refers to the distribution of financial resources among various sectors and institutions with a view to analyzing their movement and efficiency. In this respect, it seems appropriate to use the term "allocative efficiency", i.e., efficient distribution of funds within the banking system aimed at reducing transactional expenses.
In Ukraine, achieving allocative efficiency is fraught with the following challenges: insufficient funding of the real economy sector which results from diverting funds to other transactions, often for speculative purposes; concentration of financial resources in the most profitable branches -trade and finance; insufficient funding of innovative activities; round-trip transactions which involve sending capital abroad and, then, disguising it as foreign investments; disproportional distribution of funds within the state budget jeopardizes the interests of municipal budgets; insufficient funding of small businesses; credibility issues with investment and banking services.
The abovementioned issues are related to the socalled "allocative failures", i.e., lack of balance in the distribution of finance within the banking system as a whole and in individual economic sectors.
In Ukraine, the stability of the banking system is determined largely by the ratio of loans provided to an economy sector to total gross loans issued to banks. Therefore, it is crucial for national economy as a whole and for its banking system in particular to explore "the allocative efficiency of credit resources within the banking sector", because the latter actually serves as "the circulatory system" of economy. Therefore, achieving the allocative efficiency of credit resources within the banking system means promoting the development of its financial relations and processes and spending its consolidated financial resources in line with the strategies developed by the national economy and the banking sector. This involves the following processes: 1) consolidating the goals of individual units within the banking system in the interests of national economy, which boosts the country's financial security; 2) allocating credit resources into statutory assets; 3) combating corrupt practices in the banking sector.
Being the regulator of financial relations in the banking sector, the state must order the National Bank of Ukraine to assist banking institutions with resolving the following urgent issues: securing consumer rights; reforming economic structure; promoting the development of banking services; building an efficient institutional environment of the banking system; participating in integration processes, for instance, with the EU.
However, customers applying to commercial banks for loans must provide truthful information for the analysis of their financial state and subsequent assessment of their creditworthiness. Such analysis is essential for the efficiency of both lending services and banking activity as a whole. As regards the borrowing enterprise, the possibility of obtaining a loan depends on the accuracy in assessing its creditworthiness.
Literature review
The overview of the literature on the research area is presented in the following subsections:
1.1. A methodology of identifying a borrower's creditworthiness. Nowadays Ukraine's banking system employs a wide range of creditworthiness assessment methods. Individual banks develop their own assessment systems on the basis of their lending policy, technological potential, specialization, loan terms and conditions, work priorities, market positioning strategies, credibility with customers, the country's political and economic stability, etc. A borrower's creditworthiness assessment is regulated by the resolution of the National Bank "On the Procedure for Forming and Using Provisions for Compensation of Possible Losses under Active Banking Transactions" (On approving the Regulation ..., 2012), which identifies the norms of forming reserves which may arise from potential losses in credit transactions by commercial banks.
Creditworthiness assessment issues have been addressed in many studies (Hidulian, 2012 ; Grytsenko at al., 2010; Derevyahin, 2011), which explore systems of selecting and evaluating indicators used for analyzing creditworthiness of a business largely by means of traditional approaches such as horizontal and vertical analysis, trend analysis, comparative analysis, ratio analysis, point rating, etc. The common feature of the traditional financial analysis methods is that they explore simple mathematical connections between individual sections of financial reports on the basis of calculating a certain selection of indicators (financial coefficients) and comparing them against normative values -industry averages and dynamic indicators. The typical shortcomings of using such a set of indicators for assessing credit risks are as follows: subjectivity in selecting a set of indicators to be analyzed (disregarding multicollinearity, etc.); disregard for (or subjective focus on) the differences in the impact of individual indicators on final results; some of the parameters of financial state are determined with the help of a different number of indicators, which distorts analysis results; internal methods do not consider all financial parameters which affect credit risks; insufficient objectivity of report indicators (manipulating indicators at some levels of management); disregarding the indicators which characterize net cash flow and the ones which neutralize the influence of local taxation specifics, depreciation charges, etc.
Nowadays the discriminant method is the most widely used approach to assessing the creditworthiness of a business. It has been the focus of extensive research by O. Tereschenko (2012) ; this methodology served as the basis of the current resolution of the National Bank "On the Procedure for Forming and Using Provisions for Compensation of Possible Losses under Active Banking Transactions" (On approving the Regulation ..., 2012). Despite the obvious advantages of this methodology, it is not devoid of shortcomings. A number of issues still remain unresolved; for example, overestimating the role of quantitative indicators with qualitative ones being underestimated; lack of control over selecting a system of basic quantitative indicators; high sensitivity to distortion (invalidity) of the initial data (for instance, of financial reports, which is most typical of domestic borrowing businesses); cumbersome selections of indicators; numerous indicators which cannot be recorded influence the fact of declaring a borrowing business bankrupt.
1.2.
Criteria for optimizing the credit portfolio of the banking system. Achieving the allocative efficiency of credit resources is concerned not only with the methodology for assessing a company's creditworthiness, but also with subsequent optimization of the credit portfolio of the banking system. The majority of banking system optimization models are viewed in terms of risk -profitability correlation; in addition, they are marked by a number of limitations and complexities for practical application. A comprehensive system of assessing bank loans at two levels (that of the banking system and an individual bank) is developed in Moldavska and Demidenko (2013) . Assessing the quality of the credit portfolio with the view to its effective management under conditions of economic and political instability in Ukraine is presented in Stetsenko (2015) . The common feature of these studies is that they all regard optimization in terms of achieving optimal balance between the expected level of profitability, risk and liquidity in the credit portfolio structure. The diversification of the credit portfolio is achieved by means of distributing credits in the following directions: by geographical characteristics, the amount of loan, loan duration, type of currency, loan security.
The studies by Drobnitska (2013), Onyschak (2009), Taranukha (2013) are representative of this approach: they focus on the process of assessing and managing non-performing loans. The researchers suggest a procedure of calculating the cost of credit, methods of assessing a borrower's creditworthiness, methods of identifying reserves on credit operations; in addition, they address the practical aspects of dealing with problematic borrowers, etc.
However, despite extensive literature on the issue, it is necessary to continue research on the optimization of the credit portfolio of the banking system in terms of identifying the optimal correlation of loans in individual economy sectors to total bank loans. Thus, the research goal is to design a model for achieving the allocative efficiency of credit resources in Ukraine's banking system.
Methodology
In accordance with the research goal, designing and implementing the model involves the following stages:
2.1. Selecting a set of units of analysis and the initial set of variables. The set of units of analysis (branches of economy) was selected from Classification... (1996) and presented in Table 2 . The initial set of variables was compiled from the indicators (financial coefficients) contained in the Resolution (On approving the Regulation ..., 2012) and financial reports (Table 1) . This allows for the possibility of comparing the proposed methodology with the approaches previously used (Tereschenko, 2012) . Table 1 presents the indicators selected from various economic activities. As regards the complexity and efficiency of analysis, the financial and economic state of businesses is assessed primarily on the basis of the following four major groups of indicators: liquidity ratio, debt ratio, turnover ratio, profitability ratio, as well as additional ratios. Asset coverage ratio 4
Return-on-equity ratio 5
EBIT profitability ratio 6
EBITDA profitability ratio 7
Net profit ratio 8
Current assets turnover ratio 9
EBITDA turnover ratio 10
Investment-to-capital ratio 11
Profit-to-sales ratio (corrected indicator) 12
The ratio of net profit enterprises to the total number of enterprises 13
Source: compiled by the authors on the basis of on approving... (2012).
The last group of indicators illustrates investment and trading, as well the ratio of net profit enterprises to the total number of enterprises. The reason for analyzing investment indicators was that they reflect manufacturing and services and characterize the prospects for the development of the branch. The trading indices indicate the stages in the development of economy sectors. Therefore, we calculated the profit-to-sales ratios, which were corrected in accordance with the consumer price index with a view to elimination the influence of this phenomenon on our findings. The ratio of net profit enterprises was analyzed as an additional profitability indicator.
Identifying variable stimulators, destimulators and dominants; statistic analysis of the variables.
The classification of indicators must be preceded by a comprehensive analysis of their impact on the development of the branch. In this respect, it is important to define variables -stimulators, destimulators and dominants. From the comparison of the indicators, their calculation formulas and their impact, it can be concluded that all the indicators are stimulators.
The next stages include the compilation of the initial set of data and statistical analysis of the variables in order to be able to judge their validity for analyzing the state of the branches. The following characterization parameters were selected: the arithmetic mean, standard deviation, the coefficient of variation, minimum and maximum values, the median, the first decile, the tenth decile, asymmetry coefficient and kurtosis. A contrastive analysis of the last two methods will prevent from duplicating information from a certain aspect of financial state, which, in turn, will provide a comprehensive evaluation of the customer's financial state in terms of various parameters which characterize its activity (liquidity, financial stability, business activity, profitability, other additional characteristics).
The next stage involved normalizing the indicators in order to be able to aggregate them. We calculated aggregated indicators for each group of variables; they were used for classifying the sectors. In order to compute aggregation, the following formula was used:
where ik z -normalized values of the indicators, 
2.4.
Developing an optimal credit portfolio of the banking system. The next stage involves analyzing results of assessing the creditworthiness of the borrowers (i.e., Ukraine's economic sectors) with a view to developing a credit portfolio of the banking system, which must be optimally structured in line with its significance for the country's economy. The calculation of the credit portfolio was based on a formula which allows for corrections depending on the assets available in an economic sector: (2) where z M -indicates the minimum values for each economic sector; A i -represents the assets available in economic sector i. Such changes were made in order to consider the borrowers' financial needs, which is crucial for calculating the amount of loan.
2.5.
Comparing the actual credit portfolios against the optimal one with the help of similarity metrics. Analyzing structural similarity of the actual credit portfolios against the optimal one will identify the economy sectors with the most significant differences between the actual and optimal values.
With this end in view, the actual portfolios were compared against the optimal ones by means of similarity metrics (Dubrov et 
Results
The next stage focuses on testing the model for achieving the allocative efficiency of credit resources in Ukraine's banking system. Therefore, as mentioned above, the set of units of analysis (branches of economy) was selected from "The Classification of Economic Activities" presented in Table 4 . Further statistical analysis involved only big and medium-sized businesses (The Activity of business...). The financial state of the businesses is presented as a set of 13 indicators whose statistical values are shown in Table 2 . As can be seen from Table 2 , all the variables are characterized by a high level of differentiation. Most coefficients show right asymmetry, and only the liquidity ratios 1, 2, 4 and additional ratios 12, 13 have left asymmetry. The distribution of ratios 3, 6-11 and 13 can be considered symmetrical, whereas that of 2 and 5 are clearly asymmetrical. Source: calculated on the basis of The Activity of business....
The next stage of the statistical analysis of the initial data involved identifying a connection between the variables. This entailed building a correlation matrix (Table 3) , where r 2 ij are its elements. The correlation ratios among the indicators are generally significant. It means that the variables selected for analysis correlate with each other. Naturally, the variables inside the groups show the highest degree of correlation, since they describe the same characteristic of the financial and economic state and are computed with the help of similar formulas. The liquidity ratios are closely connected with profitability ratios, which leads to the conclusion that the economy branches with high liquidity ratios are also marked by high profitability and, in the same way, the branches with low liquidity have a low level of profitability. Including net profit indicators in the formulas results in the fact that debt service coverage ratio is marked by a strong correlation with profitability indicators. The lowest level of correlation with the rest of the variables can be observed in financial independence ratios, current assets turnover ratios, as well as investment-to-capital ratios. Source: calculated on the basis of The Activity of business....
The next stage includes the compilation of the final set of data and calculation of aggregated indicators of creditworthiness with the help of the abovementioned statistical methods. This resulted in a comprehensive analysis of economic sectors classified by activity on the basis of five methods (Table 4) . Table 4 shows aggregated values, with the place of the branch given in brackets; debtor ranks were determined for discriminant analysis as per on approving... (2012) from 1 to 9. Source: calculated on the basis of The Activity of business....
This was followed by selection of the best classification on the basis of the maximum value of the variation coefficient and the highest level of consistency with the results of the other classifications. The first criterion allows for the highest level of differentiation between aggregated indicators and, as a result, for lower probability of rating errors. The second criterion helps to identify which rating is closest to the other ratings. This requires the use of the Pearson correlation coefficient and Spearma's rank correlation coefficient ( Table 5 ). The correlation coefficients show that the greatest compatibility can be observed between the classifications based on factorization, which is why this model is regarded as an alternative approach to such kind of research. Source: calculated on the basis of The Activity of business.... Table 6 shows an optimal structured credit portfolio developed on the basis of assessing the creditworthiness of Ukraine's economic sectors. The values for the credit portfolio were computed with the help of two methods -discriminant function analysis (recommended by the National Bank of Ukraine) and factoring analysis. According to Table 6 , there are significant differences among the actual and optimal values for the credit portfolios obtained by the two methods. The lowest deviations can be observed in the values for transport, storage, postal and courier services (factoring analysis) and construction (discriminant function analysis). Both methods identify the highest deviations in industry values. Such considerable differences (obtained by different methods) are a warning sign for the banking system, since it offers loans for industry, Ukraine's major economic sector. The optimal credit portfolio of the banking system can serve as a basis for developing portfolios of individual banks, which determine the allocative efficiency of credit resources in Ukraine's banking system as a whole. With this end in view, the actual portfolios need to be compared with the optimal ones by means of similarity metrics (3)- (9) . The findings are presented in Table 7 . Overall, it should be stressed that over the period analyzed there were medium values for the selected similarity metrics (0.439 for factoring analysis and 0.456 for discriminant function analysis). It can be concluded that the actual and the optimal credit portfolios show little structural similarity. Therefore, Ukraine's banks need to work on optimizing the structure of their credit portfolios in order to improve the allocative efficiency of their credit resources and the banking system as a whole.
Conclusion
The article presents a model for achieving the allocative efficiency of credit resources which the banking system can apply to an individual sector of national economy with a view to assessing the effectiveness of allocating its credit resources.
The topical issue of achieving the allocative efficiency of credit resources is concerned not only with the methodology for assessing a company's creditworthiness, but also with subsequent optimization of the credit portfolio of the banking system in terms of identifying the optimal correlation of loans in individual economy sectors to total bank loans.
The overview of research approaches shows that nowadays Ukraine's banking system employs a wide range of creditworthiness assessment methods. They differ in the number of indicators which constitute the borrower's overall rating, as well as in the approaches to indicative characteristics and their priority. If the set of indicators remained the same for all banks and countries, it would be possible to exchange statistics and systematize information on a global scale. However, in reality, countries, banks and researchers use different systems of indicators. Thus, this research involves a contrastive analysis of five statistical methods of creditworthiness assessment followed by optimizing the indicators of the borrower's financial state. The contrastive analysis of various statistical methods of creditworthiness assessment shows that factoring analysis is the most effective approach to such kind of research.
Developing a credit portfolio of the banking system, which must be optimally structured in line with its significance for the country's economy, involves two methods -discriminant function analysis (recommended by the National Bank of Ukraine) and factoring analysis. This is followed by comparing the actual portfolios against the optimal ones by means of similarity metrics. It allows for the possibility of identifying the economy sectors with the most significant differences among the actual and optimal values for credit allocation. This results in determining the allocative efficiency of credit resources of the banking system in terms of identifying the correlation of loans in individual economy sectors to total bank loans.
Such kind of approach can be applied to analyzing the credit portfolio of an individual bank with regard to a certain economic sector. It allows for the possibility of observing changes in environment (i.e., in economic sectors as potential creditors) and monitoring allocative efficiency levels determined by the credit investments available for Ukraine's economic sectors. As a result, allocative efficiency assessment constitutes the basis for adopting relevant credit policies and effective corrective management strategies. Therefore, the model for achieving the allocative efficiency of credit resources in Ukraine's banking system can serve as the basis for developing a system of preliminary observation and monitoring, which will facilitate credit decision-making and optimize credit portfolios.
